SUMMARY Twenty six preterm infants were studied at the age of 2, 7, and 26 days. The activities of lipoprotein and hepatic lipase in plasma taken 15 minutes after a heparin bolus of 100 IU/kg had been given and the concentrations of carnitine in serum and urine were measured. The mean gestational age was 31 weeks (range 26-35 weeks) and birth weight 1580 g (range 840-2280 g). Thirteen infants weighed under 1500 g at birth (very low birth weight), 20 were of appropriate weight for gestational age and six were small for gestational age. Lipoprotein lipase activity was higher in the preterm infants of appropriate weight than in the infants of very low birth weight and those who were small for gestational age. At the age of 2 or 7 days the activity of lipoprotein lipase in the preterm infants (mean (SEM) 46-2 (4.3) ,tmol free fatty acid/mV/hour) was, however, higher than in term infants and adults. Multivariate regression analyses showed that weight and relative birth weight together explained 58% of the variance of lipoprotein lipase activity but only 3% of the variance of hepatic lipase activity. Serum carnitine concentration was lower in the preterm infants than in term infants. Urinary excretion of carnitine increased progressively with age but was independent of serum concentration and carnitine intake. Urinary excretion of total carnitine was significantly greater in the infants who were small for gestational age (mean (SEM) 754 (203) nmol/mg of creatinine, n=6) than in the infants of appropriate weight (161 (22-0) nmol/mg of creatinine, n= 12) but acyl/free carnitine ratio was smaller in the infants who were small for gestational age than in infants of appropriate weight (0-56 v 5-5). The 
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Carbohydrate supply through the placenta ceases after birth, and the glycogen stores of the infant are quickly depleted. Fat group.bmj.com on July 6, 2017 -Published by http://adc.bmj.com/ Downloaded from samples were used for the determinations of total and free carnitine concentrations.
BIOCHEMICAL ASSAYS
All blood samples were collected into chilled tubes kept in ice. They were immediately centrifuged, and the plasma and serum obtained were stored at -20°C until assayed within a month. Urine was collected during 24 hours into bottles and kept in a refridgerator. The urinary volumes collected were then measured, and the urinary samples were stored at -20°C until assayed within a month.
Total and free carnitine concentrations were measured with the radioisotopic method of Mc- Garry and Foster15 modified according to Novak et al. 16 Urinary and milk samples were first sonicated, then diluted with 4 volumes of distilled water, and resonicated. Part of the sample was used for the measurement of free carnitine concentration. The rest of the sample was first hydrolysed in 0-1 M potassium hydroxide at 37°C for 60 minutes, and then neutralised and sonicated for the measurement of total carnitine. Urinarv carnitine excretion was expressed as nmol/mg of creatinine. Acylcarnitine was calculated by subtracting free carnitine from total carnitine.
Lipoprotein and hepatic lipase activities of postheparin plasma were measured with the im- Gestational age (days) (r=0-63, p<0001) (fig 3a) . The exclusion of infants who were small for gestational age resulted in a stronger correlation (r=0-67, p<0-001) between lipoprotein lipase activity and birth weight (fig 3b) . Hepatic lipase activity correlated with neither measure.
The multivariate regression analyses showed that birth weight and relative birth weight together explained 58% of the variance of lipoprotein lipase activity but only 3% of the variance of hepatic lipase activity in our preterm infants. When the effects of birth weight and relative birth weight were removed, however, the partial correlation between gestational age and lipoprotein lipase activity (see fig 2 (top) ) was -0-57 (p<0-01); hepatic lipase remained independent of gestational age.
When the infants who were small for gestational age were excluded, the mean (SEM) lipoprotein lipase activity in the very low birth weight infants (38.6 (3.2) ismol free fatty acid/ml/hour) was lower (p<0.02) than in the infants weighing more than 1500 g (62.2 (7-3) [tmol free fatty acid/mi/hour) (fig 3b) whereas the mean hepatic lipase activities were similar (54-3 (6-4) ismol free fatty acid/mi! hour for the very low birth weight infants and 60.6 (7.7) ,umol free fatty acid/mV/hour for the other infants). Eleven of the 13 infants of very low birth weight studied were less mature than 32 weeks of gestation and 10 of the 13 infants weighing more than 1500 g were more mature than 32 weeks of gestation. Also, the mean (SEM) lipoprotein lipase activity was lower (p<0-002) in the infants who were small for gestational age (30-5 (3-2) ,umol free fatty acid/mi/hour) than in the infants of appropriate weight (52-3 (5.2) ,umol free fatty acid/mi/hour) (fig 3a) whereas the mean hepatic lipase activities were similar (70.7 (15) for the infants who were small for gestational age and 57-9 (5.2) imol free fatty acid/ml/hour for the infants of appropriate weight).
SERUM CONCENTRATION AND URINARY EXCRETION OF CARNITINE
Serum total and free carnitine concentrations first decreased (p<003) and then increased during the first 26 days of age (fig 4a) ; the increase was not significant. Urinary excretion of total and free carnitine and acylcarnitine increased (p<001) progressively with age from 7 to 26 days (fig 4b) .
The multivariate regression analyses showed that urinary excretions of total and free carnitine were independent of the serum concentration of total carnitine and of daily carnitine intake calculated from the ingested milk volume and the concentration of total carnitine (51.6 nmol/ml) in bank breast milk. Urinary excretion of total and free carnitine, however, correlated negatively with relative birth weight at the age of 2 days (r= -0-59, p<0-03 and r=-0-57, p<004) and 7 days (r=-0-65, p<0003) and r=-0-61, p<0-006) but were independent of birth weight and gestational age. Fig 5 shows the negative correlation between total carnitine excretion and relative birth weight at 7 days of age.
At the age of 7 days urinary excretion of total carnitine was larger (p<0-001) in the infants who were small for gestational age (mean (SEM) 754 (203) nmol/mg of creatinine, n=6) than in the infants of appropriate weight (161 (22) nmol/mg of creatinine, n=12) ( fig 5) . The mean urinary acylV free carnitine-ratio was 0-56 (range 0-16-1A0) in the infants who were small for gestational age and (range 1.5-15) in the infants of appropriate weight.
Serum concentrations of total carnitine, however, were not different in the infants who were small for gestational age (mean (SEM) 26-5 (3.5) nmollml, Open symbols refer to the infants ofappropriate weight and solid symbols to the infants who were smallfor gestational age. Squares refer to the infants weighing more than 1500 g and circles to the infants of very low birth weight weighing less than 1500 g. group.bmj.com on July 6, 2017 -Published by http://adc.bmj.com/ Downloaded from n=6) and those of appropriate weight (22.7 (1.7) nmol/ml, n=12).
Discussion
Postheparin lipolytic activity2-4 and fat elimination tests18 suggest that lipoprotein lipase activity may be low in preterm infants. We found, however, that the mean (SD) activity of postheparin plasma lipoprotein lipase, measured with a specific method, was appreciably higher in our three groups of preterm infants (46-2 (22.0) iimol free fatty acid/ml/hour) than in more mature preterm infants' (26-8 (13-3) itmol free fatty acid/mllhour), term infants6 (16-0 (6.8) ,tmol free fatty acid/ml/hour), and adults6 (17-5 (6.3) ,umol free fatty acid/ml/hour). We also found that the mean activity of postheparin plasma lipoprotein lipase in the very low birth weight and small for gestational age infants was lower than in the infants of appropriate weight. Hence, our results agree with the finding that the elimination of fat in infants less mature than 32 weeks of gestation or infants who are small for gestational age is slower than in infants of appropriate weight. '8 We measured the activity of postheparin plasma lipase 15 16 In our preterm infants the mean (SD) postheparin plasma activity of hepatic lipase (60-0 (26.0) itmol free fatty acid ml/hour) was as in term infants (54.2 (18.0) ,mol free fatty acid/ml/hour)6 but about three times higher than in adults (23-1 (11-0) ,mol free fatty acid/ml/hour).6 There is evidence that hepatic lipase participates in the metabolism of the phospholipids and cholesterol of high density lipoproteins by increasing the flux of free cholesterol into the target tissues. At the age of 7 days in our infants of appropriate weight urinary carnitine excretion and acyl/free carnitine-ratio was as in preterm infants." Carnitine excretion decreased with increasing relative birth weight: it was lower in appropriate weight infants than in infants who were small for gestational age. In addition, urinary acyl/free carnitine-ratio was low in the infants who were small for gestational age, which means that most of the carnitine they excreted in urine was free carnitine, as is the case in trauma patients and in renal tubular diseases.30
In conclusion, our study showed that lipoprotein lipase activity in very low birth weight, small for gestational age, and appropriate weight preterm infants was higher than in more mature preterm infants, term infants, and adults. This indicates that the slow elimination of fat from the circulation in preterm infants less mature than 32 weeks' gestation can hardly be explained by low lipoprotein lipase activity. Instead, the low serum carnitine concentrations of preterm infants and the large excretion of carnitine, especially in infants who were small for gestational age, might explain the slow elimination of fat. 
